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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0001] The presentinvention relates to electronic nav-
igation maps, and, more particularly, to renderingimages
for electronic navigation maps.

2. Description of the Related Art.

[0002] Navigation maps are essential resources for
visitors to an unfamiliar city because these maps visually
highlight landmarks including buildings, natural features,
and points of interest such as museums, restaurants,
parks and shopping districts. While most in-car and port-
able navigation devices (PNDs) rely on two-dimensional
(2D) navigation maps to visualize these landmarks in 2D,
three-dimensional (3D) in-car navigation systems are
emerging.

[0003] Using a 3D map for navigation can provide a lot
of benefits. For example, a 3D map can provide better
driver orientation than a 2D map because people live in
a 3D world. A 3D map can also improve landmark rec-
ognition as the important features (e.g., geometry, struc-
tures, textures) of 3D buildings / landmarks can be fully
exposed so that it will be a lot easier for a user to match
these features with what he could see through the wind-
shield. However, introducing 3D in a navigation map also
brings in typical 3D occlusion problems, which could neg-
atively impact the visibility of route guidance for naviga-
tion.

[0004] A 3D navigation system allows drivers to locate
point of interests (POls) and set up routes in a 3D envi-
ronment. However, high geometric complexity of scene
buildings and the required 3D rendering efforts may affect
the performance of such systems on embedded plat-
forms. On one hand, complete data of 3D buildings with
highly detailed structures are not yet available every-
where from data providers. In most cases, these highly
detailed data (e.g., complex geometry, texture) are avail-
able for only a few outstanding landmarks (e.g., muse-
ums, tower) in cities or urban areas. The available infor-
mation for most non-landmark buildings in these areas
may include only some simple geometry information such
as 2D footprint, the height of the building, and some de-
scriptions for building types. The lack of detailed 3D ge-
ometry and building textures presents a great challenge
for visualization in 3D navigation. It is possible to simply
lift up a building from its 2D footprint according to the
height of the building. This 2.5D approach was widely
adopted in most commercial 3D navigation systems, an
example of which is shown in FIG. 1. As can be seen in
FIG. 1, such a building presentation (i.e., 2.5D lifting, no
texture information) does not distinguish buildings with
different types and therefore cannot improve building/
landmark recognition or 3D orientation for the driver. On
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the other hand, rendering highly detailed city models may
be limited by the available 3D computation resources pro-
vided by embedded hardware platforms for cars. In sum-
mary, the 2.5D approach can successfully handle the
missing data problem by presenting city models with low
details. However, the cost is that such a building pres-
entation fails to convey sufficient information for naviga-
tion.

[0005] A photorealistic 3D Map with high details can
present a vivid and realistic scene to drivers, an example
of which is shown in FIG. 2. These maps try to faithfully
visualize the structure, geometry and texture of every
object in a 3D scene. However, it could be problematic
to use such a building presentation for 3D navigation.
For example, this presentation may overwhelm drivers
with too many details. In other words, it could significantly
increase the cognitive load on the user during driving,
distract the driver’s attention, and fail to convey important
information to the driver.

[0006] Previous work on procedural modelling of build-
ings focuses on creating an urban environment with a
large number of 3D buildings. CGA shape, a novel shape
grammair, is used to iteratively produce more geometric
details from a simple mass model, as described in "Pro-
cedural Modeling of Buildings" by P. Mueller, P. Wonka,
S. Haegler, A. Ulmer, and L. V. Gool, Proceedings of
ACM SIGGRAPH 2006, which is hereby incorporated by
reference herein in its entirety.. These works aim to gen-
erate buildings with complex structure and rich details.
For example, in a typical urban scene, the number of
polygons used in 3D buildings can reach one billion. How-
ever, for navigation applications, these approaches can-
not be used for several reasons. First, the computation
cost of the modelling process is too expensive. Gener-
ating one 3D building with high complexity (e.g., between
one thousand and one hundred thousand polygons)
takes about one to three seconds, which may not meet
the speed requirement for on-line modelling for large-
scale urban scenesin a 3D navigation. Second, the mem-
ory footprints for these highly detailed 3D buildings are
too large for typical embedded platforms which usually
have very limited memory capacity. Finally, although the
subtle details of these 3D building are generated based
on architecture principles, they are more likely to deviate
a lot from a building’s actual appearance. Drivers tend
to take these random details as reference and try to
match them with those from actual buildings. Therefore,
these random and fake details distract users’ attention
from navigation without providing useful guidance. FIG.
5a illustrates such a building with such random details.
[0007] Whatis neither disclosed nor suggested by the
prior art is a method for presenting 3D landmarks and
other 3D objects on a navigation map that overcomes
the problems and disadvantages described above.

SUMMARY OF THE INVENTION

[0008] The present invention may provide an on-line
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procedural modelling approach to visualize buildings in
a large-scale urban scene in a stylized way. Based on
this approach, 3D buildings can be generated automat-
ically and rapidly, even with only the limited building in-
formation provided from data providers. The generated
3D buildings feature moderate geometric complexity and
illustrative styles, and may convey important details of
the 3D building to the driver for 3D navigation. Further-
more, the stylized 3D presentations of these buildings
may visualize the buildings’ attributes (e.g., building type
such as hospital, church, railway stations, etc.) for the
driver. This approach may use only the 2D footprint and
attributes of the 3D building as input and perform fast 3D
modelling on-line, which may substantially reduce the
demand for 3D data storage. The approach of the inven-
tion may also be adaptive. For example, the complexity
level of resultant 3D buildings may be adjustable in order
to achieve better run-time performance for different hard-
ware platforms.

[0009] To overcome the difficulties of the prior art, the
present invention may take advantage of procedural
modelling and adapt it to the navigation domain. Proce-
dural modelling is described in "Procedural Modeling of
Cities" by Y. I. H. Parish and P. Mueller, Proceedings of
ACM SIGGRAPH 2001, which is hereby incorporated by
reference herein in its entirety. The novel procedural
modelling approach of the present invention may gener-
ate stylized buildings in real time. The 3D objects may
be visualized in an illustrative way such that only impor-
tant information is conveyed to the driver. This approach
is effective and suitable for navigation purposes. lllus-
trated in FIGS. 3 and 4 are examples of the results of the
approach of the presentinvention used in a 3D navigation
prototype system.

[0010] The invention comprises, in one form thereof,
a method of displaying a navigation map including deter-
mining a route of a vehicle. A two-dimensional footprint
of a building disposed within a geographic area is re-
ceived within the vehicle. The geographic area includes
the route of the vehicle. Attribute information associated
with the building is received. The attribute information is
received within the vehicle. A visual representation of the
building is rendered based upon the two-dimensional
footprint and the attribute information.

[0011] Theinvention comprises, in another form there-
of, a method of displaying a navigation map including
determining a route of a vehicle. Geographical coordi-
nates of a location of the vehicle are received. A geo-
graphic area in which the geographical coordinates are
disposed is determined. Data associated with buildings
that are disposed within the geographic area is received.
The geographic area includes the route of the vehicle.
The data includes building types and building heights.
Each of the buildings is rendered based upon the geo-
graphic area in which the building is disposed, the build-
ing’s type, the building’s three-dimensional shape, and
the building’s height.

[0012] The invention comprises, in yet another form
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thereof, a method of displaying a navigation map includ-
ing determining a route of a vehicle. A two-dimensional
footprint of a building that is disposed within a geographic
area is received within the vehicle. The geographic area
includes the route of the vehicle. The two-dimensional
footprint is decomposed into tractable parts. Geometry
information associated with the building is received within
the vehicle. Each of the tractable parts is modeled sep-
arately in combination with a respective portion of the
geometry information associated with each of the tracta-
ble parts. A visual representation of the building is ren-
dered based upon a combination of the modelings of
each of the tractable parts.

[0013] An advantage of the present invention is that
the type of building that is rendered may be easily rec-
ognized by the viewer due to the common coloring and
texturing, and yet the distinctive details of individual build-
ings are still preserved in the renderings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above mentioned and other features and
objects of this invention, and the manner of attaining
them, will become more apparent and the invention itself
will be better understood by reference to the following
description of embodiments of the invention taken in con-
junction with the accompanying drawings, wherein:

FIG. 1 is an example of a 2.5D presentation for
non-landmark buildings in a 3D navigation system
of the prior art.

FIG. 2 is an example of a photorealistic 3D map ac-
cording to the prior art.

FIG. 3 is one example of an NPR 3D map rendering
in which a stylized procedural modeling approach of
the present invention is used to generate non-land-
mark building for a 3D navigation prototype system.

FIG. 4 is another example of an NPR 3D map ren-
dering that may be produced by a method of the
present invention in which non-landmark buildings
are generated with styles different than in the ren-
dering of FIG. 3.

FIG. 5a is an example of a building with random de-
tails that may distract a user’s attention from navi-
gation.

FIG. 5b is an example of a stylized building presen-
tation that conveys important information about the
building, such as building type.

FIG. 5c is another example of a stylized building
presentation with a different footprint than in FIG. 5b,
which represents the building’s real-life footprint.
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FIG. 5d is another example of stylized procedural
modeling for a parking garage building.

FIG. 6a is an example of a building’s 2D footprint,
which may include attribute information such as
building type.

FIG. 6b is an example of a decomposition of the foot-
print of FIG. 6a.

FIG. 6¢ is an example of building geometry consist-
ent with the footprint of FIG. 6a.

FIG. 6d is an example of a stylized 3D building re-
sulting from a combination of all individual 3D com-
ponents.

FIG. 7ais an example of adaptive stylized procedural
modeling of a building according to a method of the
present invention.

FIG. 7b is another example of adaptive stylized pro-
cedural modeling of a building generated from the
same 2D footprint as in FIG. 7a, but having a less
complicated geometric structure for the roof as com-
pared to FIG. 7a.

FIG. 8 is a block diagram of one embodiment of a
3D map rendering arrangement of the presentinven-
tion.

FIG. 9is a flow chart of one embodiment of a method
of the present invention for displaying a navigation
map.

FIG. 10 is a flow chart of another embodiment of a
method of the present invention for displaying a nav-
igation map.

FIG. 11 is a flow chart of yet another embodiment of
a method of the present invention for displaying a
navigation map.

[0015] Corresponding reference characters indicate
corresponding parts throughout the several views. Al-
though the exemplification set out herein illustrates em-
bodiments of the invention, in several forms, the embod-
iments disclosed below are notintended to be exhaustive
or to be construed as limiting the scope of the invention
to the precise forms disclosed.

DESCRIPTION OF THE PRESENT INVENTION

[0016] The invention may provide a method of 3D nav-
igation using NPR 3D maps, including stylized visualiza-
tion forthe 3D objects in a navigation map. The 3D objects
displayed on a 3D navigation map may include buildings,
landmarks, POls, hazard spots, and roads. The NPR 3D

10

15

20

25

30

35

40

45

50

55

maps may be created based on 3D object data that may
be generated in different ways.

[0017] According to one embodiment of the method of
the present invention, only a small amount information
about 3D buildings (e.g., a building’s 2D footprint, build-
ing height, utility type) may be stored in the storage me-
dia. For on-line processing, these 3D models may be
generated with moderate geometric complexity and styl-
ized texture decoration in real time. The generated 3D
buildings may have distinguishable styles. Although the
buildings may have variations on geometry, the structure
and appearance (e.g., texture, color) may be generated
consistently based on the attributes of buildings. For ex-
ample, the churches in FIGS. 5b and 5c¢ have different
footprints and roof geometries, but their appearances
(i.e., greenish roof, doors with cross-like decorations) are
designed to covey the most important information for a
church that is located in a certain area (e.g., Berlin in
Germany) to the driver. In other words, each of these
non-landmark buildings is visualized using an enhanced
"3D icon" -like approach. The buildings of the same type
may share the same visual appearance (e.g., color, tex-
ture, etc.). However, buildings of the same type may be
presented with different 3D shapes and heights, which
may also emphasize the important details for each indi-
vidual building for the driver. Moreover, the common ap-
pearance of the type of buildings may be different in dif-
ferentgeographical areas. This may be because the real-
life representative style/appearance for each type of non-
landmark buildings could be different in different geo-
graphical areas (e.g., a city, a state, or a country). Thus,
an in-vehicle GPS may provide the navigation system
with the real-time location of the vehicle, and this location
data may be used in determining how certain types of
buildings are rendered. That is, the rendering of certain
types of buildings may be dependent upon real-time ge-
ographic location data that may be received from a GPS
within the vehicle.

[0018] The stylized procedural modeling may be con-
sistent, as illustrated in FIGS. 5b and 5c. For example,
all buildings of the same type (e.g., church) may be vis-
ualized in a similar way in a typical given city, area, state
or country. Therefore, each of these non-landmark build-
ings may be visualized as a 3D icon that presents the
most important information to the driver (e.g., shape,
height and type). FIG. 5d illustrates another example of
stylized procedural modeling of a car parking building.
[0019] Anotherfeature of the stylized procedural mod-
elling of the present invention may be decomposing an
input irregular footprint into tractable parts. The tractable
parts may be the basic units of a footprint from an archi-
tecture point of view. For example, a tractable part could
be a convex quadrilateral, which represents a basic room
structure in 3D. A tractable part could also be a circle,
which may represent a pillar in 3D. FIGS. 6a-d illustrate
one embodiment of a method of the invention for decom-
posing an input irregular footprint into tractable parts.
First, according to building attributes (e.g., building type)
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and geometry complexity level, predefined procedural
modelling rules may be applied to tractable parts to derive
stylized 3D building components. Then after individual
3D building components are generated from the corre-
sponding tractable part, they may be combined into one
complete 3D structure for stylized visualization. Stylized
procedural modeling may take the 2D footprint along with
building attributes as input and may output a 3D building
with stylized visualizations on-line. Decomposition may
be first applied to the 2D footprint (FIG. 6a) to thereby
arrive at a decomposition of the footprint (FIG. 6b). The
resultant tractable parts (FIG. 6¢) may be modeled sep-
arately. The final 3D building (FIG. 6d) may be the com-
bination of all individual 3D components.

[0020] Yet another feature of the stylized procedural
modelling of the present invention may be that the meth-
od is adaptive to accommodate real-time performance
requirements of procedural modeling for large-scale
scenes. The complexity level of resultant 3D buildings
may be adjusted to achieve better run-time performance.
FIGS. 7a and 7b are examples of adaptive stylized pro-
cedural modelling that illustrate the adjustability of the
complexity level of resultant 3D buildings. More particu-
larly, FIGS. 7a and 7b are two buildings of the same type
generated from the same 2D footprint. The building of
FIG. 7a has more complicated geometric structures for
the roof as compared to the flat roof in FIG. 7b.

[0021] The complexity can increase when the current
rendering speed, which may be expressed in frames per
second (fps), is above the target number. Conversely,
the complexity may decrease when the current rendering
speed does not meet the speed requirement. A hierar-
chical set of procedural modelling rules (i.e., having dif-
ferent levels) may be predefined for tractable parts.
Therefore, the geometric complexity of generated build-
ings may be controlled by changing the level for proce-
dural modelling operations dynamically.

[0022] The present invention includes several novel
features. First, the invention provides a novel approach
to performing stylized procedural modeling on-line based
on the input of a 2D footprint and attribute information of
the building. Second, the invention provides an enhanced
"3D icon" -like approach to visualize non-landmark build-
ings. Third, the invention provides a method of decom-
posing a 2D footprintinto several tractable parts and com-
bining each modeling result into one complex model.
Fourth, the invention provides an adaptive procedural
modeling method in which the geometric or appearance
complexity of generated 3D buildings may be controlled
to meet the target performance of the hardware platform.
[0023] In FIG. 8 there is shown one embodiment of a
3D map rendering arrangement 10 of the present inven-
tion that may be associated with a vehicle, such as an
automobile. That is, arrangement 10 may be installed
in-vehicle.

[0024] Arrangement 10 may include a source 12 of 3D
map data, a 3D map rendering engine 14, and a user
interface 16. 3D map data source 12 may be in the form
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of a compact disc (CD) or other memory device. Alter-
natively, 3D map data may be wirelessly transmitted by
a central transmitter (not shown) to a large number of
vehicles that each has a respective 3D map rendering
arrangement 10. Such wireless transmissions may be
received by engine 14. 3D map data could include both
3D and 2D data as long as the data is used for 3D map
visualization.

[0025] 3D map data source 12 may also include a glo-
bal positioning system (GPS) module (not shown) for de-
termining the global location coordinates of the vehicle
in real time. Based on the current location of the vehicle,
corresponding 3D map data that is of interest to people
within the vehicle is identified and provided to engine 14.
At least some of the 3D map data may be photorealistic
in visual style.

[0026] 3D map rendering engine 14 may include a
standard electronic processor that converts the 3D map
data from source 12 into image data. During the course
of rendering, engine 14 may select certain 3D objects in
the data based on criteria provided by the user and may
render the selected 3D objects in highlighted or en-
hanced rendering style, as described above. In one em-
bodiment, at least some of the highlighted image data
may be in various nonphotorealistic styles, such as car-
toon-like rendering, pencil sketches, pen-and-inkiillustra-
tions, oil painting effects, and other painterly styles. The
nonphotorealistic renderings may depict surfaces of ob-
jects and distinctive or well-known features of the objects.
[0027] User interface 16 may be disposed on a dash-
board of a vehicle and may include a display screen 18
and a control device 20. Display screen 18 may include
a processor and memory for controlling the information
or content that is displayed on the screen or monitor.
Generally, display screen 18 may present or depict 3D
data received from engine 14.

[0028] Control device 20 may be in the form of a dial,
knob, set of pushbuttons, joystick, microphone, or any
combination of the above. A user may use control device
20 to provide feedback 22 to engine 14. Feedback 22
may instruct engine 14 to produce another set of image
data (e.g., image data depicting another scene, object or
set of objects). Alternatively, feedback 22 may instruct
engine 14 to change the viewing angle at which a current
set of image data is being viewed. The viewing angle
may vary from an overhead bird’s-eye view of the sur-
roundings to an angle looking up at buildings, or at other
landmarks, from a ground level or street level.

[0029] Anembodiment of a method 900 of the present
invention for displaying a navigation map is illustrated in
FIG. 9. In a first step 902, a route of a vehicle is deter-
mined. For example, the arrangement of FIG. 8 may in-
clude a navigation system that automatically and contin-
uously updates an optimum path or route from a vehicle’s
current location to a desired destination. A GPS or other
location-determining device associated with the arrange-
ment of FIG. 8 may ascertain and continuously update
the current location of the vehicle, which may be ex-
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pressed in global coordinates. The user inputs his de-
sired destination into the system and the system auto-
matically determines the shortest and/or quickest route
from the current location to the destination location along
the streets that are available.

[0030] In a next step 904, a two-dimensional footprint
of a building that is disposed within a geographic area is
received within the vehicle. The geographic areaincludes
the route of the vehicle. For example, based on the ve-
hicle’s route determined in step 902, map data associat-
ed with the geographic area surrounding the route of the
vehicle may be retrieved from a memory device, such as
a CD. Alternatively, the map data associated with the
geographic area surrounding the route of the vehicle may
be wirelessly received from a central repository of map
data. Regardless of how it is received, the map data may
include 2D data describing the shape and dimensions of
the bases (i.e., 2D footprints) of the buildings within the
geographic area surrounding the route of the vehicle.
[0031] Next, in step 906, attribute information associ-
ated with the building is received within the vehicle. For
example, the map data described with reference to step
904 may include building attribute information including
the types and heights of each of the buildings within the
geographic area surrounding the route of the vehicle.
[0032] In a final step 908, a visual representation of
the building is rendered based upon the two-dimensional
footprint and the attribute information. For example, a
rendering of the building may have a footprint that is sub-
stantially similar in shape to the footprint of the actual
building. Further, the rendering may have a height rela-
tive to the footprint dimensions that is proportional to the
height versus footprint dimensions of the actual building.
Further still, the rendering may include a color scheme
and texturing that is designated for that particular type of
building. For example, as described above with regard
to FIGS. 5b-c, all buildings of the type "church" in Berlin
may be rendered with the same greenish roofs and doors
with cross-like decorations. As another example, all
banks in the United States may be rendered with two
white pillars to the left, and two white pillars to the right
of a front door, with a "$" symbol disposed above the
door. As yet another example, all primary-level schools
disposed in the Midwestern states of the United States
may be rendered in red brick with a school bell near the
top of the building.

[0033] Anembodimentofamethod 1000 of the present
invention for displaying a navigation map is illustrated in
FIG. 10. In a first step 1002, a route of a vehicle is deter-
mined. In a next step 1004, geographical coordinates of
a location of the vehicle are received. For example, a
GPS or other location-determining device associated
with the arrangement of FIG. 8 may ascertain and con-
tinuously update the current location of the vehicle, which
may be expressed in global coordinates.

[0034] Next, in step 1006, a geographic area in which
the geographic coordinates are disposed is determined.
That is, a geographic area including the geographic co-
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ordinates and having consistent, or monolithic architec-
ture for atleast one certain type of building is determined.
For example, as described above with respect to FIGS.
5b-c, a geographic area in the form of the city of Berlin
is identified as having churches with a common architec-
ture including greenish roofs and doors with cross-like
decorations. As another example, a geographic area in
the form of the United States may be identified as having
banks with white pillars in the front of the building. As yet
another example, a geographic area in the form of the
Midwestern states of the United States may be identified
as having primary-level schools built with red bricks.
[0035] Ina nextstep 1008, data associated with build-
ings that are disposed within the geographic area is re-
ceived. The geographic area includes the route of the
vehicle. The data includes building types, 3D shapes,
and building heights. For example, data associated with
buildings in the geographic area including the route of
the vehicle may be retrieved from a memory device, such
as a CD. Alternatively, the data associated with buildings
in the geographic area including the route of the vehicle
may be wirelessly received from a central repository of
map data. Regardless of how it is received, the data may
include data describing the types and heights of the build-
ings within the geographic area including the route of the
vehicle.

[0036] Inafinalstep 1010, each of the buildings is ren-
dered based upon the geographic area in which the build-
ing is disposed, the building’s type, and the building’s
height. For example, the color scheme and/or texturing
in which the buildings are rendered may depend upon
the common architectural style for certain types of build-
ings within the geographic area. Further, the rendering
may match the actual buildings’ 3D shapes and heights
such that the dimensions of the rendered buildings are
proportional to the actual dimensions of the individual
buildings. The 2D footprint plus height could determine
the rough 3D shape of the building. For non-landmark
buildings, the 3D shape/geometry is generated by the
inventive algorithm. The 3D shape/geometry is not in-
cluded in the data.

[0037] Yet another embodiment of a method 1100 of
the present invention for displaying a navigation map is
illustrated in FIG. 11. In a first step 1102, a route of a
vehicle is determined. In a next step 1104, a two-dimen-
sional footprint of a building that is disposed within a ge-
ographic area is received within the vehicle. The geo-
graphic area includes the route of the vehicle. Next, in
step 1106, the two-dimensional footprint is decomposed
into tractable parts. For example, the two-dimensional
footprint shown in FIG. 6a may be decomposed into the
three tractable parts indicated in FIG. 6b. In one embod-
iment, the tractable parts may be formed by adding
boundinglines between corners of the footprintto thereby
form quadrilateral parts, as is the case in FIG. 6b.
[0038] In a nextstep 1108, each of the tractable parts
is modeled separately in combination with a respective
portion of the geometry information associated with each
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of the tractable parts. For example, each of the three
tractable parts of FIG. 6b may be modeled separately in
combination with a respective portion of the geometry
information of FIG. 6¢ that is disposed directly above the
respective tractable part.

[0039] In afinal step 1110, a visual representation of
the building is rendered based upon a combination of the
modelings of each of the tractable parts. Thatis, the three
separate modelings, each including one of the three trac-
table parts of FIG. 6b along with the respective portion
of the building geometry of FIG. 6¢c, may be combined to
thereby render a stylized 3D visual representation of the
building, as depicted in FIG. 6d.

[0040] Whilethisinvention has been described as hav-
ing an exemplary design, the present invention may be
further modified within the spirit and scope of this disclo-
sure. This application is therefore intended to cover any
variations, uses, or adaptations of the invention using its
general principles.

Claims

1. Amethod of displaying a navigation map, comprising
the steps of:

determining a route of a vehicle;

receiving within the vehicle a two-dimensional
footprint of a building that is disposed within a
geographic area, the geographic area including
the route of the vehicle;

receiving attribute information associated with
the building, the attribute information being re-
ceived within the vehicle;

rendering a visual representation of the building
based upon the two-dimensional footprint and
the attribute information;

decomposing the two-dimensional footprint into
tractable parts; and

modeling each of the tractable parts separately
in combination with a respective portion of ge-
ometry information associated with each of the
tractable parts, wherein the rendering of the vis-
ual representation of the building is based upon
a combination of the modelings of each of the
tractable parts.

2. The method of Claim 1 wherein the attribute infor-
mation comprises the building’s type.

3. The method of Claim 2 wherein a color scheme of
the rendered building is dependent upon the build-
ing’s type.

4. The method of Claim 2 or 3 wherein texturing of the
rendered building is dependent upon the building’s

type.
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5. The methodaccordingtoone of the preceding claims
wherein the attribute information comprises the
building’s height.
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determine a route of a vehicle (802)

receive within the vehicle a two-dimensional footprint of
a building that is disposed within a geographic area, the
geographic area including the route of the vehicle (904)

receive within the vehicle aftribute
information associated with the building (806)

render a visual representation of the building based upon the
two-dimensional footprint and the attribute information {908)

/
900 FIG. 9
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determine a route of a vehicle (1002)

determine a geographic area in which the
geographical coordinates are disposed (10086)

receive data associated with buildings that are disposed within the
geographic area, the geographic area including the route of the
vehicle, the data including building types, and building heights {(1008)

A 4

render each of the buildings based upon the
geographic area in which the building is disposed,
the building's type, and the building’s height (1010)

1000 FIG. 10
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determine a route of a vehicle (1102)

¥

receive within the vehicle a two-dimensional footprint of
a building that is disposed within a geographic area, the
geographic area including the route of the vehicle (1104)

v

decompose the two-dimensional footprint into tractable parts (1106)

A

model each of the tractable parts separately in
combination with a respective portion of the geometry
information associated with each of the tractable parts (1108}

¥

render a visual representation of the building based upon a
combination of the modelings of each of the tractable parts (1110)

/

1100

FIG. 11
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